It is thought that 178 million children are underweight worldwide, and 20 million suffer from severe acute malnutrition each year, which carries a higher mortality. Growth parameters below a nominal cut-off indicate acute or chronic malnutrition, which are used as indicators for commencing therapeutic nutritional intervention in individuals and populations. The World Health Organization and United Nation Children Fund recommend the use of a cut-off for weight-for-height of below −2 standard deviations and -3 standard deviations for moderate and severe malnutrition respectively. In conjunction with weight-for-height the World Health Organization also suggests the use of mid upper arm circumference using a cut-off point of < 115 mm to define severe malnutrition and < 125 mm for moderate malnutrition. As these parameters influence the level of nutritional support provided to children in need it is important to ensure that the right measures are used to identify those that require nutritional support. There has been debate around using only mid-upper-arm-circumference for the identification of children with malnutrition, as studies indicated this measure to be an easy, reliable method with good sensitivity and specificity, however concern has been raised whether arm circumference alone is a reliable marker to identify children with malnutrition. As recently reported in BMC Nutrition, Grellety & Golden performed a study to assess the relationship between the two measures, particularly with respect to regional and body differences between populations and the subsequent implications for the accurate identification of malnutrition. This study found significant differences in the populations identified with malnutrition using either method. As such a recommendation was made by the authors to continue to use both mid-upper-arm-circumference and weight-for-height, as they complement each other and better account for country and population differences when used together.
Background
Anthropometric parameters form the backbone of nutritional assessment in paediatrics. Growth parameters below a nominal cut-off indicate acute or chronic malnutrition, which increases the risk of mortality [1] , and are used as indicators for commencing therapeutic nutritional intervention in individuals and populations [2, 3] . Worldwide, it is thought that 178 million children are underweight, and 20 million suffer from severe acute malnutrition each year, which carries a higher mortality [4] . Children receiving therapeutic nutritional input for the management of malnutrition have been shown to have faster recovery than those without and therefor the point at which these should be implemented and the duration of nutrition support is important for policy makers [3, 5] . In addition, the sensitivity and specificity of measures and their cut-offs also impact on the funding required to address malnutrition [1] . In 2008 it was estimated that 250-300 million US$ was invested in basic nutrition support between 2000-2004 and in 2009 Medecin Sans Frontier estimated the average annual amount spent at 350 million US$, whereas the World Bank puts an annual requirement of 12.5 billion US$ to address malnutrition world-wide [4, 6] . In the light of both the human and financial cost, it is therefore important that consensus is reached on how to best identify those children at need of nutrition support using sensitive and specific anthropometric cut off points for programme entry and exit criteria.
Considerations for using weight-for-height and/or mid upper arm circumference
The World Health Organization (WHO) and United Nation Children Fund (UNICEF) recommend the use of a cut-off for weight-for-height (WTH) of below −2 standard deviations (SD) and -3 SD for moderate and severe malnutrition respectively [7] . Data has shown that children with a WTH below −3 SD based on the WHO standards have a 9-fold increased risk of mortality than children with a WTH above −1 SD. In addition WHO standards also recommend the use of mid upper arm circumference (MUAC)-for-age, using a cut-off point of < 115 mm to define severe malnutrition and < 125 mm for moderate malnutrition. Similarly to WTH, research indicates an increased risk of death with a MUAC less than 115 mm [2, 7] . Numerous studies have found MUAC to be an easy, reliable method with good sensitivity and specificity [8, 9] . Although the prevalence using either WTH or MUAC as cut-off for malnutrition were very similar at 3.22 % and 3.27 %, crucially only 40 % selected by one criterion was also selected by the other. This in part has been explained by the fact that a low MUAC tends to be more prevalent in younger children due to the set cut-off value of 115-125 mm, whereas WTH is not a static measure and adjusts according to age. As such to date it has been recommended to use both parameters, however following the publication by Goossens et al. [10] indicating MUAC a useful and easy alternative to using WTH for feeding programs, some organizations have started to move to a MUAC only cut offs to guide entry criteria for therapeutic nutritional programmes. Although MUAC would provide an easy, reproducible measure that is simpler to use in resource poor countries, many questions in regard to the differences in populations/countries and the relationship to weight-for-height remain outstanding.
Study findings and implication
As recently reported in BMC Nutrition, the study by Grellety & Golden recognises these outstanding questions and in particular the implications for future nutritional programs [11] . As such the authors performed a study to assess the relationship between the two measures, particularly in respect to regional and body differences between populations (i.e. East African vs. South East Asia) and the subsequent implications for the accurate identification of malnutrition. They included 1832 surveys, with 1,404,995 children with plausible data, from 47 countries between 1986-2014, that included WTH and MUAC as recommended by the WHO. Overall 16.3 % were identified with Global Acute Malnutrition (GAM) by either MUAC or WTH and 3.5 % as Severe Acute Malnutrition (SAM) also using either of these measures. Importantly this study found that that the degree of overlap between the 2 indicators for GAM and SAM were consistently low at 29.9 % ± 15.3 % and 16 % ±5.4 % respectively. This study also found dramatic differences in the percentage of children classified with either GAM or SAM using either criterion. For GAM in 11 countries more than 75 % of malnourished children would be identified using MUAC as only criteria, but in 9 countries this drops to less than 25 % if only this parameter was used. When the authors assessed the data for the identification of SAM, even more differences were apparent: MUAC would not identify more than 75 % of SAM children in any analysed country, in which more than 75 SAM children were identified. The analysis by country found that if MUAC alone was used to identify GAM and SAM, in only 57 % ± 18 % and 55 % ± 19 of malnourished children would be identified respectively. If only WTH was used then only 70 % ± 15 % of children with GAM would be identified and only 61 % ± 18 % for SAM [11] .
This study [11] has limitations that have been recognised by the authors, which include the survey data that is dominated by patient data from Africa and the heterogeneity of data generated by certain countries. Nevertheless, the publication contributes significantly to the question for policy makers and programme funders as whether to use both MUAC and WTH or just MUAC as indicators of malnutrition. Although to our knowledge this is the first study using such a large patient database and rigorous statistical methods to answer this question, other studies have highlighted concerns regarding using MUAC as only criterion for therapeutic feeding. Grellety et al. [12] published a study from Sudan indicating that MUAC only identified more severely malnourished children with a higher risk of mortality but failed to identify a third of the children who died. A study by Isanaka et al. [13] investigated differences in children identified for therapeutic feeding by MUAC and/or WHT in terms of demographic, anthropometric, clinical, and laboratory and treatment response characteristics and found that using MUAC only identified younger and more female children but did not well differentiate children in terms of other measures of nutritional vulnerability. There are also clear population differences, highlighted by Dasgupta et al. [14] in their study when using either MUAC and WHT in India. The stunting levels in India are higher than in Africa and that study found that 26 % of the children who had a WTH ≤ −3 were severely stunted compared to 60.9 % of children with a MUAC ≤115 mm.
Conclusion
This study [11] provides important evidence to indicate that MUAC is not superior to WTH in the assessment of malnutrition in children requiring therapeutic feeding. It supports concerns highlighted by other authors that using MUAC as single parameter may lead to a significant number of vulnerable children not being identified with malnutrition. As such, Grellety & Golden provide robust data that both these measures should be used when identifying children GAM/SAM as they complement each other and better account for country and population differences if used together.
